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Summary
This paper reports portal and peripheral blood glucose, insulin, and glucagon levels in small for gestational age (SGA) and appropriate for gestational age (AGA) newborns during the first 4 8 hr of life. These parameters were studied after an oral glucose and protein load ( 1 g/kg of each) after a 4-hr fast.
In AGA and SGA infants, mean fasting blood glucose level was significantly higher in the portal vein than in the aorta ( P < 0.05). After the load, mean blood glucose level rose significantly in both vessels. The mean fasting plasma insulin level was low and was similar in both vessels. After the load in the AGA group mean plasma insulin level rose significantly at 45 min in both vessels ( P < 0.05) (52.1 * 37.2 pU/ml in aorta and 91. 8 When both groups of infants were compared there was no significant difference either in the aorta or in the portal vein in mean blood glucose, mean plasma level, and plasma glucagon level.
It is concluded that SGA and AGA premature infants are similar in regard to secretion of both pancreatic hormones in the first days of life.
Speculation
During an oral load of protein and glucose, the mean values of plasma insulin, glucagon, and the insulin to glucagon molar ratio in plasma of SGA infants did not differ significantly from values for control infants; this study provides evidence that in SGA infants the pancreatic endocrine activity is capable of adapting to the metabolic state at birth. It is likely that the instability of glucose metabolism in SGA infants is a consequence of the rapid disappearance rate of glucose and probably also of a transient deficiency of gluconeogenic enzymes in the liver.
Infants who ;Ire srnall for gestational age have a high incidence of hypoglycemia (4, 1 1 , 15). The reasons for this instability in carbohydrate metabolism are not fully understood, although there are many reports in the literature on the hormonal regulation of glucose metabolism in SGA infants (I 6. 18, 25) . We have shown previously that plasma insulin levels during hypoglycemia are identical or slightly higher in SGA infants as compared with fasting normal infants (19) .
There have been recent reports of high levels o f glucagon in the unibilical artery. in the umbilical vein, and in the peripheral blood of term newborn infants (1. 5. 1 1 , 14, 21. 25) and of premature infants (7. 8). Plasma glucagon levels in both normal and premature infants increase during the first days of life. In healthy term newborn infants intravenous or oral alanine feeding raises plas~na glucagon and glucose levels (25) . Similarly, plasma insulin and glucagon levels increase after arginine infusion (2 1 ). Recently. Williams et al. (25) observed that in SGA infants gluconeogenic amino acids stimulate glucagon secretion without enhancing hepatic glucose output. These findings may reflect a decrease in glucogen stores and an ineffective gluconeogenetic enzymatic system in SGA infants.
This study was designed to elucidate the effect of an oral load of glucose and protein on hormonal levels in SGA infants compared with the responses observed in babies of similar weight who were appropriate for gestational age. In both groups. we studied plasma glucagon and insulin levels and the insulin to glucagon molar ratio in the portal vein and in the aorta.
MATERIALS AND METHODS
Fifteen newborn infants were studied during the first 48 hr of life. All study procedures were approved in conformity with the ethic committee of the Unit6 de Recherches U.34. The infants were divided into two groups according to the gestational age. The gestational age was calculated from the first day of the last menstrual period and was also assessed clinically. The eight SGA infants had a birth weight below the 10th percentile for their gestational age according to the French intrauterine growth curves (10); the mean birth weight was 1.998.7 + 136.3 g and the mean gestational age was 38 + 15 weeks. The seven infants who were AGA had a birth weight between the 10th and the 90th percentile; in this group mean birth weight was 1.984.2 * 170 g and mean gestational age was 34.7 2 1.7 weeks.
The incidence of complicated pregnancies was similar in the two groups. except for the occurrence of twin pregnancy and toxemia in the group of SGA infants (Table 1) . Infants wcre nursed in a thermoneutral environment with an abdominal skin temperature of 36.5". using an infant Servocontrol system. The infants received breast milk from 12 hr of age and a 10% glucose infusion was given by peripheral vein. The studies wcre conducted 4 hr after the last feeding.
The lower abdominal aorta and portal vein were catheterized through the umbilical artery and the umbilical vein. The positions of the tips of the catheters were checked radiologically; catheters were removed immediately after the study. No complications ensued.
After a 4-hr fast during which the infusion was maintained by physiologic saline at a flow rate of less than 1 ml/hr, each infant was fed with 1 g glucose and I g protein (casein, Merck)/kg in physiologic saline (10 ml) administered by a nasogastric tube within a 5-min period.
Blood samples (2.5 ml) were obtained sin~ultaneously from the portal vein and the aorta at zero time, 45 min, 120 min, and 180 min into previously chilled tubes. Blood samples for glucagon determinations were collected in tubes containing EDTA and Zymofren. The tubes were rapidly centrifuged and the plasnia was removed and frozen until assayed.
Plasma glucagon was determined by radioimmunoassay (1 7). Values for normal fasting plasma glucagon levels obtained in 20 infants of more than 2 years of age were 153 pg/ml 2 27 SEM pg/ml; in four young infants (age less than 6 months) fasting plasma glucagon levels of 173. 185, 163, and 17 1 pg/ml. respectively, were found.
Plasma glucose was measured in duplicate by the glucose oxidase method without precipitation of plasma protein (Beckman analyzer glucose). Plasma immunoreactive insulin was measured using the method of Hales and Randle (9). Iz5I was obtained from the Radiochemical Centre. Arnersham, England, with a specific activity of not less than 50 pCi/pg.
CALCULATION AND STATISTICAL ANALYSIS
For each period o f time, results were expressed as mean + standard deviation (SD); paired test. Student t-tests, and regression analysis were performed. All calculations were made by submitting the data to an Iris 60 computer (27) .
RESULTS
The results are presented in Figures 1-4 and in Tables 2 and 3 . GROUP OF AGA PREMATURE INFANTS The mean fasting blood glucose level was significantly higher in the aorta than in the portal vein ( P < 0.05). After the oral load. the mean plasma glucose level rose in the portal vein and in the aorta at 45 and 120 min ( P < 0.01). but the difference between both vessels was not significant (Fig. 1) at any time.
l'he mean fasting plasma insulin levels were not different in the portal vein and in the aorta; after the glucose and the protein load. the mean plasma insulin level rose significantly at 45 min in 
vein the increase was only significant at 180 min ( P < 0.05).
Two SGA infants did not show any increase in plasma insulin either in the aorta or in the portal vcin. The mean plasma insulin level was significantly higher in the portal vein than in the aorta at 45 niin ( P < 0.005). 120 min ( P < 0.05), and 180 min ( P < o.01) ('rable 3). The Incan fasting plasma glucagon level was significantly highcr in the portal vein than in the aorta ( P < 0.05). N o significant changes were observed in mean plasma glucagon level after the load in both vessels (Table 3) .
The Incan molar ratio 1/G rose significantly after the load only in the portal vein from 2.2 * 1.98 to 4.16 t 2.59 at 180 rnin ( P < 0.00 I ).
CORRELATION ANALYSIS
There was no correlation between plasma insulin and plasma glucagon levels and gestational age at any period of time in both groups. In the group of AGA infants. a positive correlation was found between fasting plasma glucagon levels in the aorta and the postnatal age of the infant ( r = 0.5X;P < 0.01). In the group of SGA infants. a positive corrclation was found between fasting plasma glucagon levels in the portal vein and the postnatal age of the infant ( r = 0.55; P < 0.05).
COMPARISON OF TWO GROUPS
N o difference was found between the two groups in mean blood glucose. plasrna glucagon levels. plasma insulin levels. and mean molar ratio I/G at any time either in aorta or in portal vein.
We havc studied the equilibrium of both pancreatic hormones after a physiologic stimulation in normal conditions in A G A and S G A newborns during thc first 2 days of life.
In the well nourished adult. the ingestion of protein elicits a rise in insulin and a relatively parallel. although proportionately smaller. rise in glucagon which serves to prevent aminogcnic hypoglycemia (6. 22); however. if carbohydrate is ingested together with the protein. the insulin to glucagon molar ratio rises as a consequence of an exaggerated rise in insulin secretion ( 5 . 70. 23). 111 fact. the insulin to glucagon molar ratio is assumed to be the index o f the endocrine pancreatic control of glucose metabolism in the liver (72, 23).
In the newborn period, with concomitant interruption of the maternal nutrient supply. l u c o s e is provitlcd by glycogenolysis and increased gluconeogenesis. until the newborn or prcmature infant can receive a normal caloric intake.
Our data confirm previous reports that the pancreatic glucagon secretion mechanism is functional in low birth weight newborns (prcmature and SGA) (5, 7 . 12. 2 1).
The blood glucagon concentration during fasting is similar to that of normal children (1 7) for both A G A and SGA groups; we have demonstrated that it correlates with the postnatal age of the infant. After the oral load, there is a comparable increase of plasma insulin in both vessels for both groups. showing that SGA infants are able to respond comparably to the A G A infants.
There is a slight but insignificant increase of plasma glucagon in the SGA group. Sampling simultaneously from the portal vein and aorta pcrmits study of the concentration of insulin and glucagon resulting from secretion by the pancreas. We have previously reported the difference in insulin concentration between these vessels in small prcmature as well as in SGA infants after an intravenous load of glucose (19) . We report a significant difference in the insulin response between aorta and portal vein; insulin levels are higher in the portal vein. suggesting storage or degradation by the liver. The plasma glucagon was higher in the portal vein only at 120 rnin in the SGA group.
The uptake or degradation of pancreatic glucagon in the liver seems to be less because the glucagon levels are higher in the portal vein than in the aorta; thus confirming a portopcripheral gradicnt from plasma glucagon as demonstrated in man under physiologic conditions (3). This gradient is minimal after an overnight fast but increases markedly after a stimulus such as arginine infusion. After a meal. the fluctuations may be significant in pancreatic or portal blood but slight in peripheral blood (3) .
The insulin to glucagon molar ratio must be taken into consideration when interpreting such findings. During fasting. the high levels of glucagon and the low value of the I/G ratio in the portal vein in both groups suggests that the necessary glucose is produced by glucogcnolysis and gluconeogenesis. The mean value of the I/G ratio in A G A infants (2.48 ? 206) and in SGA infants (2.2 2.98) is similar to that found in fasting children (1 7. 22. 24) . After the protein and glucose meal. the I/G ratio increases and reaches a peak at 45 min, which is. however, lower than that reported in children or in normal adults after feeding (22) . The decrease of the ratio at 60 and 120 rnin is related to a progressive decrease of insulin levels and a constant increase of glucagon levels in both groups. We did not find any difference between SGA and A G A infants: therefore. the n~alnourished SGA infants can apparently adapt the bihorrnonal function to the metabolic state as well as the A G A infants.
Anthony and Faloona (7) measured the plasma concentration of insulin and glucagon in a rat model for protein malnutrition; they found reduced plasma insulin levels. although plasma glucagon levels were comparable to adequately fed. age-matched control subjects.
Therefore. the low blood sugar in SGA infants is not explained by a deficient secretion of pancreatic hormones. It is more likely a consequence of the rapid disappearance rate of glucose that \ve havc dcnlonstr;~tcd prcvio~~sly ( I 8, 10). which is presun~ably depcndcnt o n the high glucose requirement of the relative large neonatal brain. There also remains the possibility that a lower liver glycogen reserve and/or a transient deficiency of gluconeogenic enzymes is the cause (26) .
The effect of oral glucose and protein stimulation o n the portal and peripheral blood sugar. plasma insulin. and plasrna glucagon was studied in eight small for gestational age newborns and seven appropriate for gestational age premature infants during the first 48 hr of life.
In the premature infants insulin and glucagon concentration increased significantly, but in thc SGA infants the response of both hormones was minimal. However. n o difference in the response w a s f o u n d b e t w e e n t h e two groups. T h e I/G molar r a t i o , low during f a s t i n g , rose significantly a f t e r s t i m u l a t i o n in b o t h g r o u p s .
We h a v e d e m o n s t r a t e d t h a t p a n c r e a t i c e n d o c r i n e a c t i v i t y is t h e same a t birth in b o t h SGA and AGA i n f a n t s and is adequate t o t h e m e t a b o l i c s t a t e in n e o n a t a l life.
